In this study, we demonstrated the effects of chemical treatments for Halloysite nanotubes (HNTs) under acid and alkaline conditions using sulfuric acid and sodium hydroxide. XRD results indicate that alkaline treatment destroyed the crystalline structure and morphology for HNTs because the XRD spectrum shows the typical peaks for montmorillonite. For the acid treatment using H 2 SO 4 , XRD spectrum indicates an intensity reduction for the peak (001) showing a lower concentration of aluminium in the structure. Diffuse reflectance analysis shows a reduction of 40 and 15% for reflectance with H 2 SO 4 and NaOH treatments respectively. A terephthalic acid adsorption test was realized with the HNTs, modified halloysites (HNT-H 2 SO 4 ) and (HNT-NaOH) samples with a kinetic study and it was quantified with UV spectroscopy at 240 nm where results shown a lower adsorption for HNTs treated with H 2 SO 4 in comparison with alkaline treatment and not treated HNT. A decrease of 58% ± 0.3was achieved with the sulfuric acid treatment with not crystalline structure modification using ICP technique to quantify the sample compositions.
Introduction
The carbonated drinks packaging industry has focused its attention on some nanoparticles such as halloysites (HNTs) to use them as additives in the nanocomposites synthesis, this due to its high availability, low cost, easy processing and a diffusion distance decrease of gas molecules, providing excellent barrier properties. The above is of great importance since it allows to reduce the CO 2 permeability in polymers. HNTs have been widely used in recent years in polymer reinforcement applications [1] . An example of their performance improvement was published by Hashemifard et al. who with a 0.5% halloysites load he has obtained a 27% CO 2 permeability reduction and an 8% increase in CO 2 /CH 4 selectivity in a compatible polyetherimide matrix [2] .
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HNTs form polymeric nanocomposites with a large number of advantages as a low permeability and improved mechanical properties. However, dispersion and compatibility between ionic additives such as HNTs with non-polar matrices such as PET shall be need optimized. Reason why chemical modification in halloysites surface is necessary for a better compatibility acquisition. Nowadays, the most implemented method to improve the compatibility between HNTs with polymers is the chemical surface modification to increase the HNTs affinity with non polar polymers. The modification methods selection has focused mainly on improving nanotubes physical dispersion [3] . treated with sulfuric acid [4] . The previous study achieved an optical transmittance reduction from 76 to 74%, where transparency in the packaging industry is a valuable asset. However, the last study has many opportunity areas since it does not explain the structural modification for HNTs and the composition change, so we consider it important to go into depth with these details in this study. An important case of gas permeability reduction using HNTs in a polymer matrix was developed by Monsiváis-Barrón, achieving a 66% reduction in oxygen permeability with polypropylene, with only a 3% weight load of halloysites [5] . The previous work had been one of the reasons that inspired this work to similarly achieve a significant reduction in the permeability of CO 2 in a PET matrix.
The purpose of the present work was to study the interactions of halloysite with terephthalic acid finding an economical functionalization without the use of silanization agents as well as the morphological modification of the halloysites to make them less opaque and decrease the aluminum composition through the use of economic reagents in the chemical industry such as sulfuric acid and sodium hydroxide.
Materials and Reagents
Sigma Aldrich halloysite nanotubes, Sigma Aldrich terephthalic acid, sulfuric acid, sodium hydroxide.
Equipment: Siemens D5000 diffractometer operated at 35 kV and 25 mA with Cu Kα radiation (λ= 1.5406 Å ), from 5° to 85° (angle 2θ). Optical properties such as UV absorbance and diffuse reflectance were analyzed using a spectrophotometer (Nicolet Evolution 300 PC). The FTIR Spectrum One brand (Perkin Elmer) was used for the infrared analysis by Fourier transform.
Methodology

Treatment with Sulfuric Acid
To achieve the morphological modification of the HNTs in sulfuric acid, 4 grams of HNTs were placed in 40 mL of water and the suspension was taken to ultrasound for 30 minutes. Subsequently, 10 mL of concentrated sulfuric acid was carefully added and maintained in magnetic stirring for 30 minutes. The present treated HNTs were filtered under vacuum and were dried in a flask for 1 hour at 100 °C. Once dried they were characterized with Fourier-transform infrared spectroscopy(FTIR).
Treatment with Sodium Hydroxide
A treatment was carried out for the HNTs in a basic medium. To do this, the same procedure was followed as in the previous process where 4 grams of halloysite dissolved in 40 mL of water were placed under agitation by ultrasound for half an hour. Once the halloisites were suspended, 9 g of NaOH was added and they were stirred on a magnetic grid for half an hour. The HNTs were filtered under vacuum and placed in a heating flask for half an hour. The product of the reaction was characterized with FTIR.
Adsorption Tests for Terephthalic Acid in Halloysite
After the elaboration of the curve, an adsorption kinetics of terephthalic acid was performed where the adsorption of terephthalic acid of the halloysite was quantified, as well as the halloysites modified with sulfuric acid and sodium hydroxide at a pH of 3, 6 and 9 by an adsorption kinetics by UV spectroscopy at 240 nm. This experiment was realized in order to analyze the affinity between modified HNTs with polar organic molecules.
Results
Treatment with Sodium Hydroxide and Sulfuric Acid
In Fig. 1 as you can see the peaks 2,924 and 2,500 cm -1 correspond to the aluminum sulfate compound for the FTIR spectrum of HNT treated with H 2 SO 4 . After the reaction the compound was washed with distilled water for later to check with FTIR analysis the disappearance of the characteristic peaks of the aluminum sulfate. With the present treatment a near decrease was achieved of 50% (measured withinductively coupled plasma(ICP)) in aluminum whichbrings about an increase in the interfacial area and with this the possibility that in the extrusion process the penetration of some chains of the molten polymer inside the nanoparticle.
X-ray Diffraction (XRD)
For halloysite treated with sodium hydroxide and sulfuric acid, XRD characterization was also performed.We can observe the XRD spectra of HNTs, halloysite treated with sulfuric acid, as well as HNTs treated with sodium hydroxide inFig. 2. Observe the drop in the peak intensity corresponding to the plane (001) in the position of 10° (2 theta), contributing to the decrease of aluminum in the HNT structures treated with sodium hydroxide and sulfuric acid. In the spectrum diffraction for treatment with NaOH can be noted in the range of 25-35 (2 theta) a loss in crystallinity. In the range of 35-40 the structure type montmorillonite which are sheets and not nanotubes because of the above it can be mentioned that besides losing the crystalline structure very likely morphology is lost.
Diffuse Reflectance
In order to quantify the change in optical propertiesfor our modifications, we also carried out the diffuse reflectance characterization technique to see the increase in the reflectivity of the halloysites treatedHNT-H 2 SO 4 and HNT-NaOH, which in principle should decrease if we increase porosity of the same halloysite as we can see inFig. 3.
The treatment with sodium hydroxide resulted, as well as the sulfuric acid treatment turned out to bemore effective in decreasing the diffuse reflectance of the halloysites without modifying their crystalline structure. This makes them more suitable for food andbeverage packaging where a greater transparency is sought.
Adsorption Tests for Terephthalic Acid in Halloysite
The results of the acid adsorption tests are shown in Fig. 4 terephthalic in halloysite, as well as HNT-H 2 SO 4 and HNT-NaOH. This graphic shows the grams of terephthalic acid adsorbed by one gram of each type of halloysite, beingHNT-H 2 SO 4 the one with the lowest amount of terephthalic acid absorbs, the aforementioned is contributed to the decrease of aluminum in the internal structure of the lumen.
Aluminum Quantification by ICP (Inductively Coupled Plasma) in HNTs and HNTs-H 2 SO 4
In order to quantify the aluminum reduction in the HNTs with sulfuric acid treatment was quantified with the analytical technique ICP. InFig. 5 is shown the aluminum composition for the HNTs and HNT-H 2 SO 4 samples where was achieved a reduction of50% corresponding to 19% by total mass in the aluminum composition for theHNT-H 2 SO 4 in comparison with the HNT not treated.
Conclusion
The aluminium change for treated HNTs was quantified with ICP technique. The aluminium reduction in HNTs was effectively achieved for H 2 SO 4 treatment where is shown a reduction of 58% ± 0.3 in the aluminum concentration with no crystalline structure modification. The halloysites treated with H 2 SO 4 are more suitable to food packaging applications where aluminium concentration represents a problem.
The chemical modification with sulfuric acidfor HNTs has proven effective decrease in the HNTs diffuse reflectance without destroying their crystalline structure.
The halloysites treated with sulfuric acid have less terephthalic acid adsorption in comparison with not chemical treated HNTs because the aluminum insideinteracts with terephthalicacid. For the sodium hydroxide treatmentit does not show a difference for terephthalic acid adsorption in comparison with HNTsnot treated.
